 ZnO/GaN heterojunction light-emitting diode was grown using zinc acetate as precursors on p-GaN substrate by one-step aqueous method in this paper. Structural and optical properties of heterostructure were investigated by X-ray diffraction (XRD), scanning electron microscope (SEM), and photoluminescence (PL). It has been found that ZnO film was formed by using zinc acetate as precursors with one-step aqueous method. Meanwhile, the device based on ZnO/GaN heterostructure displayed diode-like current-voltage (I-V) characteristics. Electroluminescence (EL) characterization results showed an intense broadband emission in the yellow-green spectral region under the forward bias. It indicated that EL emission of ZnO/GaN heterostructure was originated from impurity-involved emission.
INTRODUCTION
ZnO, with its wide direct band gap (3.37 eV) and large exciton binding energy (60 meV), is a promising material for various applications. Recently, there have been several reports on the synthesis of ZnO nanostructures using various techniques [1] [2] [3] [4] , including aqueous solutions, pulsed laser deposition. And various substrates such as Si, sapphire and GaN have been adopted to grow ZnO nanostructures [5] [6] [7] [8] . The growth of vertically aligned ZnO nanorods on GaN are of special interest, as it provides a good candidate for electrically pumped light-emitting devices based on ZnO/GaN heterojunction [9] [10] . In this study we report the growth of epitaxial monocrystalline ZnO thin film by hydrothermal process on p-GaN/sapphire (0001) substrate using zinc acetate. It has been found that ZnO film was formed by using zinc acetate as precursors with one-step aqueous method. Meanwhile, the device based on ZnO/GaN heterostructure was fabricated. Electroluminescence (EL) characterization results showed an intense broadband emission in the yellow-green spectral region under the forward bias. It indicated that EL emission of ZnO/GaN heterostructure was originated from impurity-involved emission.
EXPERIMENTAL
The GaN substrate was prepared using a two-step method consisting of growth of a nucleation layer at low temperature and deposition of an epitaxial layer at high temperature. Trimethylgallium and NH 3 were used as Ga and N sources respectively. H 2 andN 2 were used as the carrier gases. The GaN films were grown on 2 inch n type sapphire substrates in an Aixtron MOCVD 2000HT system. The ZnO films were grown on p-GaN/sapphire templates using different precursors by one-step method without seedling layer. In a typical experiment an equimolar (0.05M) aqueous solution of zinc acetate or zinc nitrate and hexamethyltetramine (C 6 H 12 N 4 ) was prepared. All chemical reagents in the experiments were of analytical grade (AR) and without further purification. The p-GaN substrates were put into the above solution of 90°C for 5h. After deposition, the samples were cleaned with deionized water and then dried in an air atmosphere. Structural characteristics of as-grown ZnO nanostructures were investigated using X-ray diffraction (XRD). The high resolution X-ray diffraction (HRXRD) was performed by Philips MRD system. Field emission scanning electron microscopy (FE-SEM Hitachi S-4800) and atomic force microscope (Veeco D3100 AFM) were used to investigate the morphology. The nanostructures were characterized by photoluminescence (PL) measurements at RT. An He-Cd laser at 325 nm was used for PL excitation. For the fabrication of LEDs, Ti/Al was deposited on the ZnO layer to serve as the n-ohmic contact while Ni/Au was deposited on the exposed p-GaN layer to form p-ohmic contact. Current-voltage (I-V) characterization of the fabricated device was measured by Keithley electrometer (Model 2400). Room temperature electroluminescence was performed by injection a DC current into the as-fabricated devices. Fig. 1 shows the XRD spectra of ZnO/GaN heterostructure by using zinc acetate as precursors. It show that the ZnO film is in hexagonal crystallographic phase and has predominantly (002) preferred orientation. Fig.2(a) shows the SEM images of as-grown ZnO/GaN heterostructure. It can be clearly seen the sample show film-like structure. The formation of film is attributed to the good epitaxial lattice match between the ZnO and the hexagonal basal plane of the GaN. The mechanism of the growth of continuous ZnO film on the p-GaN/Sapphire substrate can be attributed to the aggregation of nanorods. It has been reported that the GaN substrate can effectively grow ZnO nanostructures because GaN thin films contain high densities of dislocations that can actually act as dislocation source to propagate dislocation-driven growth [11] [12] . Meanwhile, the doping of Mg atoms can generate lots of native donors, causing severe self-compensation effects that degrade the p-GaN film properties. The high densities of dislocations will provide more nucleation sites, thus ZnO film can be formed by aggregation of nanorods. Fig. 2(b) demonstrates the cross-sectional SEM image of the ZnO/p-GaN structure. The ZnO films exhibited a dense columnar structure. Figs. 2(c), (d) show the 5×5μm 2 AFM images of the ZnO/GaN heterostructure. It is seen that the film surface was non-uniform and with an average roughness of 16.1 nm. Meanwhile, it can be clearly seen that the film consists of hexagonal rods. 3 shows the typical PL spectrum of the P-GaN and as-grown ZnO/GaN heterostructure excited with a wavelength of 325 nm. For the P-GaN layer, strong yellow band can be clearly, which can be attributed to impurities. For the ZnO/GaN heterostructure, it revealed broad band PL emissions centered around 380, 550 nm in the ultraviolet and visible spectral region. The UV emission around 380nm can be contributed to the near-band-edge emission of the wide bandgap ZnO [13] . The photoluminescence emission nature of oxide semiconductor like depends on the surface morphology, grain size and the nature of different types of defects. The znic acetate exhibited a stronger emission at 380nm and at a weaker band ranging from 500-650nm. The peak at 380nm is originated from the near-band-edge emission from ZnO, and the band ranging from 500-600nm can be attributed to deep-level impurities and defects in the ZnO film. It was found only a broad emission peaked around 570nm. The peak position is close to the broadband peak observed from the PL spectrum of P-GaN. It indicated that EL emission of ZnO/GaN heterostructure was originated from impurity-involved emission. 
DISCUSSION

CONCLUSION
ZnO/GaN heterjunction light-emitting diode was grown using zinc acetate as precursors on p-GaN substrate by aqueous method. It was that ZnO film was formed by using zinc acetate as precursors with one-step aqueous method. Meanwhile, the device based on ZnO/GaN heterostructure displayed diode-like I-V characteristics. Electroluminescence characterization results showed an intense broadband emission in the yellow-green spectral region under the forward bias. It indicated that EL emission of ZnO/GaN heterostructure was originated from impurity-involved emission.
